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An ultraviolet laser apparatus is characterized in that the apparatus comprises a laser beam generator having a single-wavelength 
oscillation laser for generating a laser beam of a single wavelength in a wavelength range of from the infrared region to the visible region, an 
optical amplifier having a fiber optical amplifier for amplifying the laser beam generated by the laser beam generator, and a wavelength 
converter for converting the wavelength of the amplified laser beam into an ultraviolet beam using a nonlinear optical crystal, and in that the 
apparatus produces ultraviolet beam of a single wavelength. An exposure apparatus for transferring the partem of a mask onto a substrate is 
characterized by comprising a light source including a laser emitting a laser beam of a single wavelength, a first fiber optical amplifier for 
amplifying the laser beam, a beam-branching unit for branching the amplified laser beam into a plurality of beams, and a second fiber optical 
amplifier for amplifying the branched beams; and an optical transmission system for transmitting the laser beam emitted from the light 
source to the exposure apparatus. 
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Citations and explanations 

Claims 1 to 19 

An exposure device provided with an optical modulator 
and an optical fiber amplifier, wherein the optical 
modulator, which modulates the laser beam generated from 
the laser beam generating unit, modulates the pulse of the 
laser beam generated from the laser beam generating unit 
during the period when ultraviolet light is being 
outputted, and supplies said light to the optical 
amplifier, and during the period when ultraviolet light is 
not being outputted, it supplies light to the optical 
amplifier which is of a wavelength that can be amplified 
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documents cited in the international search report. 
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M3t^tH*t^w-eti, yt^mm^ (12) a>6/wxft£ffi 
^^7t$ai^b^v^r B iic43^T i fo, yt&mm? (1 2) 

u— tfft^ai^-r^o 



WO 01/20398 



PCT/JPOO/06132 



1 

m m m 

5 teffiftm 

\z¥M>i£M?* SH&afcf (CCD&£) » f&Hil^^ ^^X^^-i 
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— U > X £ f£T £ it £ £ □ 

2 4 8 nm) ^fffl$nti3 0, IStttlCiSfiOA r FX^->7 
I/— tf (Sfil9 3nm) £ftffl^S*5fcg«C!)H58?&<ii«e> ^tlT^S. 
3€tC X^~> 7l/-tfOft|BI"P*5F2 ^-f «fil5 7nm) 

PUAtfXitK ^'Longitudinally diode pumped conti 
nuous wave 3. 5W green laser", L. Y. Liu. M. Oka, W. Wiechmann and 
S. Kubota; Optics Letters, vol. 19. pl89 (1994) J TtJ, ^mfcU- 

$nt^5. dO^*ff'J"C{S, N d : Y AG U — If <D$£-?Z> 1 0 6 4 n 
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6 6 nm©7t$^$tS^*i!B«$nT^S. 1ft 

0iJA(i1ti?8 - 3 3 4 8 0 3 ^$gR^*fJ£T 3 *II]#fPffl 
5 5, 838. 709 ^Tte, ¥##U-lf U-1f5tef2£B&<!:, 

10X10) l:$fafc7 u^f u-if*«a*snT^5. 

:©i^^Of*©7K <B*<Z)U-— !fg#a>ftfcB 

20 5C£3?<0H]g7&«&ofc. 

yi^ya>y-FS^U<^enTi^ (0»J*J£, rwal ter Koechne 
r; Solid-state Laser Engineering, 3rd Edition, Springer Series i 
n Optical Science, Vol. 1. Springer-Ver lag, ISBN 0-387-53756-2. p 
25 p. 246-249 j #BB) . Z\tlte* ^ V V ;H»*BO»EV^ — <7) V — *f 
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t: - Ai^t c mWT I:* ^ i 5 a s 7 ^ - v > ^'iillTl) o fc. 
t:©l/- tf^m^^D till, ilUfc±TM7 K ^a^-iLTifi-r 
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D 



5 mm<Dm^ 

d6 3) (Dnz-y&mmv^ mmi%fc<D^?->&Mirzm9Vft'? 
m,2ww (16 6) ^Dtt^i^'Sit^oT. tou-^mmfe* 

10 (11) *f3fc58£BBa>538££n*l'--- J »fft 

3t*«9«"r*3t^7-r *e«s§ (22, 25) srwr^it'igsB (1 
8 - 1 ~ 1 8 - n) z\<Dyt^wz£^Tmnt£ntzu-*fyt*i¥- 
mmyt¥&ih (502-504) ^^T^^tcfeg^-r^&fi^ 
15 (20) i^^iA, -€-<z>^ihisb«, ^(Dmnytzititi-rznffl* 

m%{,* t<7)i%Kytitftt) Lt£^M?$*iz&^<Dmn-%:<£>fttiiznm&} 
i,zmm^^^u^mmx^(D^mmmzmm^mt^&^^^^' 

^ d63) ^bshju, i£fg 1 fyfeon$->*mtzmKftxw,2yifo 
(166) zmyt-T&mm-cfo'DT. ^<Du—*fmw\z. m-%L&<nu 

-*fft,$:$£3i-tZ>U—*fytm£.m (11) ^(DU-^^^ii'l'IT^ 
T^C ^-igm.gs&ftTZytig^^ ( 2 2, 2 5 ) ^- (£> *g *S £ tl 

25 tz.v— tfft&mKKiz&m^mr&fcm^mM (20) 
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6 



^(DytmMmzKzmsrzytm&m (12) siAfcfcras. 

BB£LTtt, «»U^IiSS^ii$nfeDFB (Distributed feedba 
ck) ¥m&U — U"\ X«7T-r/t-U-if^cZ)/jN^T^^7,^i7 k;kd 

tern, smmyt^^xm^mz^mr^ztiz^^x, mihtixm- 
z(Dm&, yt7 j^-mmi&tLTte, ^j^.«x^b^A (Er) 

• K-7 0 • yty T-f A-igi|rs§§ (Erbium-Doped Fiber Amplifier: ED 
FA) , >y 7";l/tf >j7A (Yb) • H — 7° • ^ 7 T -f A* — *i<li§5 (YD 



15 FA) , Z/^-fe^A (Pr) • ^ — 7° • Jt~7 t -1 A — iHifgijis (PDF 
A) , X^^'J^A (Tm) • H-7° • Tt^y-f (TDFA) 

mmw± (*7) frzmm (^->) mz^<D?t^ 

T</^-ii>iii§§^b^->(Z)iS^(3tfci^$n^A;i,x7 1 d^\ fc^vtm 
xmm^n^/^jixmizbt^x^^ <uz>mmxfoz> r^+h-^-j ^ 
C2> 0 z\n\zi*^fa&^mLtz^ftK<Diti£iibgMmizttLxmw]-rz> e 
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o o %\zi&^/^)isxm%:ytmmmizftti-?z> 0 it, ^o^^^hkh^ 

v"ovt.%:nnmzmv <tz> z\t^m^L^ a 

<D¥-?%im<DzLm. mmfc5z±(Dm£izte2-D<DAtift,<D¥-?&m 
15 (Dmizitm-t^o mKmwmcomftytmzioifz&izte. m^itsmm^ 

ti&mteAM-r&yt m^m <D&m<D&&8mfrz i omzitm-?z> 
zt\zfcK>, ^ywM-e^ytmm^cDthtirf, mftytiz^mztizmm 

m ^ti c i^m^ (3 mm-f z> z. t & pj t£T $> 3 0 

^l:^2(D^r£i:LT 1 1/ -"*f £SG (S^M) (11)^ 

25 mz^<Di/-+fyLm±mfr<b^*k-tz> v-*?% (SSa, chf^) 
tiLmoimtezmmt (fee a, tts) ^fg^-t^is^^ (5 n ^ 
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velength Division Multiplexing : WDM) BP*J (52) 0Di£M&Mte, 
^H^S (1 2) ©A*ffl5T*oTt>m*ffiT*oTt><kU. 

77, XttifiS^Xi--^^ it(D/^)lXlht}%ft? ZthBimT'&Zo Zti 

ztizfflfflMm&m^&J: \* 0 sfc, wDMgp# (5 2) z^mmm 

(12) ©ffi^aBicSirrsfc^Kfcj:, *^>t*«*7<0«»T, 

f!3(7}77fe£LT, (S*PtWJ (1 1) 

*«J3t*56±r*«lft3t«i (5 4) SIA, *7©JBW*£tt*®3fcii 
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(55) ©isa^m^, ±.m<Dm2(Djji&£mmz : £m'£w 

(12) <DA;^&T&^T&ffi^gl$T&oTk£< , <D *$ ©J ft <Z> X < 

t>^^i _ ^l/--9 i 7 , d^lt^^^l^t-^)7 , 6^l^^ (14, 16-1-16 
15 -m) ^ICii, *-<&tt*ffiBB (18-1-18- n) 

20 $BW3k-^>7^I«-Cf5. Sift* »f^tt^a<OU— !f3t 

25 mnm<DmMLtzrt)l7>yt<DM'£fcXac>Z> 0 U-dX. I+^I/- tP^: 
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J6C^A°JHX?>J^-* 1/1000-1/10000 igfcTfS 

©2^iiim <shg) Rmummm^ (SFO <Dti.&Gt)1t\Z 

■5"tT, W^tfl/- 1f5tf5^SRT&fij&« 1 . 5 Mm, 5 44 

- 1. 5 5 2 MmtCEJtSnfcU— tfft£;ttl*U &ft£&SBT*-©£ 
*&<2 8{gil5f^(Dfg££fT?*ilJ&^<£oT, A r F X* -> V I/— if £ 
^fttfHdUg — &fi(E> 1 9 3 — 1 9 4 nm<Dmfty£j)m*>nZ> 0 Site. 1/ 
-1fft»£85£LTifcfia*l. 5Atm#i5, W\Z1. 57-1. 58m 

w«©^^*ff 3«iJ5gHck^T, f 2 u— if t^Hegtipi— jfts© i 5 

7-158 nm0^Bi§5n5. 

(16 3) (CHB^-r^BSHJ^ (16 2) ZrWX&O/t? — 
XD^mWL (16 6) ±fc«i*-r*M*3frM (16 5) <h£WU 
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(16 3) <D/*?->&mwis. mmi<MV£<D^?->%:mfcm 

ft?fvm2Wte (16 6) £*ftTS*#g«©»je:£8tT*o-c\ ^ 

#^«*>Si*««a;T<0&filBfflrtT¥— i&fi©U'-• 
1f^te£5i8^i^"r*^~ !f3fcfS£« (11) ^<7)U— tf3t5S^8P*^f6 

»^$n/tu— *?yt&mm-?z>yt7T'r^-m<m% (22, 25) 
-r^Tt^ti^ ( 1 8 - 1 ~ 1 8 - n) ^(Dytm^mz^-DTmmz 
nftu—tfyt&zmmyt^&Mi (502-504) zm^xmnytiz®. 
m^m-rzm&mmffl (20) <h£3f:£©<£«isi«TEiiLT«ij£u 

tiLu^mm^\z%^(Dm^(Di^ti\zmnmizmm^^xu^mm-v 

7,? /^$->&mfa±lZfc^-fZ>j:m$:%tSlb(D-C&Z> 0 
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-C&Zo 0 3 1:^^1, (a) ttB l *<z>i£gg&gK 2 0 <D%i l cD*ij& 

EUJC&^T, (a) (i&SIM2 0 (Dff§3 ©« j&flij 
(b) W:jfcft£JfcgK2 0 ©14 ©#|j5S«*^-r0T«S. H5tt, mi 

2<Dmm<DMm<D^mmz^Tmj&mv&z>o 01211, ^©130^1 

5§ * ^ f S £ 56 CD S & CD ffi* & 
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mi (a) \t. *M<Dimnytm£.mW$:7jkL. (a) \Z$5^ 

<Dm^m — &&<DMZ-&M1tit&L (CW) 5 4 4 /imO 

SlUKlAirfS. 

^«^4!lAltb/:^-f)tL B 2 tt, tu^W^^iUBB <h 
10 I S 2 ^IT^l (D^^KSS^iLTO^ffi^&^^O^yj 1 
±©SE&T&9» ##)T«m=4T&£o t£:7 t -f A-JIUS 1 3 <£: L 

Ttt, m—fe&mmu-*? i 1 a>s36£sns tf^L b i ^nocifc 

Si§£ (*WTU1. 5 4 4 /im#t) ©5t*«HBT-Sfc«>^, x;H££ 
15 A - K — y • ytyyt A— JgflBSi (Erbium-Doped Fiber Amplifier: E 
DFA) WmmZtlT^Z. 7**3, ^7 7-fA-i«HB»l 3tC«^BI^ 

l/-it>^©t!9 8 0 nm©ira«$nt^-5. x;i/fc??A • 
F — y" • yty 7"f A' — liipg^ (ED FA) £ (9 8 0 + 1 0) nmX 
20 B ( 1 4 8 0 + 3 0) nm©IS&jg^75^fflT#5o L#>U&t^<E>, 

0 nmf(D^-f)t^fffltT, 37 7 < A-g&*S< f b 
^ntCckoT, 1 4 8 0 nm^CO^^lg^C^t^I^CJt^ 
TASE (Amplified Spontanious Emission) \z£ Z>Jt7 t -f A*— i#it»S 
25 S130y-fX^h$<Tt5. :nHftgOJ!£7 7 -f 
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fcfc, -fyrJUftfA (Yb) - K-y ♦ X7t-( a-, &tfx;nf 

« (9 7 0 + 1 0) nm(03C^fflTf5. 
^77</\'-15-l, 15-2, 

2 ©3fcMif(hlt©?i#j|SSSi07yiJ 7^16-1, 16-2, 
— , 1 6 -mCAUlT, -etl-e*nf5^|p|— M©n*01/- tf^fc^ 
tf££tl£ 0 nlS2£ll©SST*D, WJT(in = 3 2t$-5 0 £ 1 CD 
(1 4) Sacm2©3t^R*^F (16-1-1 6-m) 

1f 1 1 ^SftfflSttS tf^L B ltt, tftiltn • (2M»JT 
^LT, 7yiJy^l6-l*5»tH$tifcii*© U-lf^L B 3 \t. 

Kwzmuz&znytyT'C a*- i 7 - 1 , 17-2, •-, n-n$ 
^bT-tn-^naao^fflsst LT©3tiii*Ba.- ^ ms-i, 18 
-2, -, 1 8 - n izAMLTmmzn&o ytmmoL- y f> 1 8 - 1 - 
1 m-m&mmu-^ 1 l^ssg^nsu—tf^LB 1 1 
mcfo&wt. (*m-vizi. 5 4 4 am#i) co^^jf e-r*. nicffi 

GO*;/ U y ^ 1 6-2-1 6 -m*^»{li$nfcn*Ol/-»f3fct), ^ 
n^nS^tdS^^S^OO^^ T< A- 1 7-1-1 7 - n S^Ltt 
S©ftig*SgB,i: LTOOTfe^iililn.- y h 1 8 - 1 - 1 8 - n fdAfcf LT*i 

mMco^iiiftia.- y hi 8-1-18 - n-rsmmzntzu—tfmz. 

J Zrtl J €tiytmmn.-y hi 8-1-18 - nfa(Dffil£<DmWtf K — :/$ 

n/i^^T-r/t- (SUE) ©t*mai©j®fiSB*e»L, ;m<=><DM§gB 
• a> 1 9 zmtftTZo yt 7 r-i a- • a> h;w 1 
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— fM L . 7*c^ a— ■ A> K;H 9 £m • n^CDSVilCl^D 

h 1 8- i~i 8 - n^m^zntz^-^ft&^n^nttfo-rzmF-- 
-f a— • a> f;i/ i 9 ^^<Dmt£Qyttt&mmffi4fim!&2nx^z>o 

^gli LTmftmmytftt&MT (Time Division Multiplexer ) ft 

io %-?t^ n- • a> k;h 9 j&>s#*msnfc u-if^L b 4 

LB5llfI$n, CCDU'— tfftL B St>m%yt, 77-f^>h^ X 
te^ffl^i: LT^^fCtttKSn^o mMCOT'e^ilisn-^^ h 1 8 - 1 
-18 - n*<^n^n*5S^<©^«i|B«fc*f*£:L/T^S*^ ZK&Ttii'lS 

15 hbic^^ T-f a*- • a> h;h 9 (D^^ T-r a— ^-^-^^^-a-fe^^o 

£fz. fty T-T A*— • A*> K;H 9 ©ttJTjSS 1 9 a W\ 121 1 ( b) £ 
^-f m • n* (:£#IT«1 2 8*) r -f A'- £^3fT3 

n^) 0 7^^ 7"f A— • A*> H>IH 9 &Mt5§^7 7^A'-«^77 
Klfigtt 1 2 5 wmiST»5:t*^, 1 2 8 ^^PlifC^ati^ 
(DJt~7 t A* — • A> K;P 1 9 (D{±l7J$ffi 19a ODitgd 1 \Z. ft) 2 mm 
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i/-f^LB5i;tit§ 0 ¥-«fifB«u— tfi l^sttmsnsu' 

— ifytL B 1 CD&fite 1 . 5 4 4 um-C$>Z>fz&, 8femm&<D&&lZ 
A r Fl+yTlz-ftl^i; 1 9 3 n m £ ft 0 , 10 i§S 18 i£ © fi « 
F 2 (7 7il/- tf) <£>&ft ( 1 5 7 nm) £Sfi|fH; 1 5 4 n 

mift^o U— tf^L B 5 £>i£S£ £ 0 F 2 U — if ^GD&giCifi 

1£— $££fE$g tf 1 1 Tte&g 1 . 5 7 u m(D U — tfyt&R&Ttltt 

^mmiziz, m&^mu— if 1 1 (D^mfcrnz 1 . 544-1. 

5 5 2 / i mgil:I£LT 1 8{g&{£^-f £££££0, A r FI + 
5>V U"-"!f t^RWKll^ — Sfcfi ( 1 9 3 - 1 9 4 nm) <£>&*10fc#f§ £> 

n<2>„ ^e-LT, ^s^iip— if 1 1 (D^mfo&z 1 . 57-1. 5 
'mnmzm-fcm. (157-158 nm) t^x, 

ftUfWlCArFl + yTlz-f, XteF 2 U — if^KiS^&S 
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^t, ^^^^^f-^^Tj; <ommizmwrz> 0 mi (a) k^^t, 

1. 5 4 4 /zitk g^&ffi^ O^T, rcWlU^j £*>l/>?) Tffi^^ 
2 0 mW(D I n G a A s P ^3Jt<7)D F B (Distributed feedback : 5*15 

- Hji^^ofgv^T^u-^o— mPkm%s<Dixt}io \z. hj#tI&^£¥ 

r>A (E r ) • H-y-77<A- - I/-if fctefflf 3 d <h^T# 

^TSui^lil^. ^(Dfztb. 77^-^1^ (Master Oscillato 
r) <h lt©f- — if 1 1 ©§8ig&££--^ift££fWtWt"£ 

ifl 1 <hbTDFB^I$l/-f^il^l^i:H DFB*#^U- 
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£3 >fcf 3.-37 J: DfcSfflfllfflS 1 ^ftHHTS d £T\ ^CD k — h >>>^, 
»^Ttt¥-«[ft58fiU— tfl l©a«S:iS5«flEK:«!»rs. lit, 
D F B Mft Iz-f^ ^T«f©fig$ 0 . 0 0 ltift'iin: 

i/— -if i i ^mm-tztztbcont) (dfbm^i/— tfttiiiits) 

(&S 1 5 4 4 nm) Tte-e<£>&fi#s 0 . 1 nm^fttS, 
T, 8fft (19 3nm) Ttt^OSfi^O. 0 12 5nmlftl, 1 
0ffiF& (15 7 nm) Ttt-tO&S^O. 0 1 nmllbtSCillS^, 
fcfc, l/-!f3tL B 5 *13t«lfcttfflt iS^CB, MAtf«3fcg* 

»tcJ:*^#S«jE"r*fe«)H, f©^MSCMlT± 2 0 pm|§ 

«£8fifr&Tte±l. 6tgg, 10iSiT1i±2tggff^tWi 
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U— tf 1 1 £LT0i|*.fc£f6$6»fil. 5 1-1. 59/zm0DFB^i 
if£teJHT<5»£K:, ZKDfgUl^— if7£<£> 3f»&tt5 0 3 nm~ 
5 3 0 nmiDjSfil^i^. - ©ifcfifflrte 3 £ *^©iRJR»*^H# 

*3«^*^T (SMS) £lt$£L. ^<D&S<£> 
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iif 1 2«$ffl9SP 1 C«koTK7<A3 &1>YLTmmt£tlZ> 0 ft^M 

f 1 2^f»ffl^sns l^ — -tf^tL B2tt 0 6 (a) (b) Id^T 

cfc^fC, ^^«hLT<Z)U— tf^LB 5*tU^-r-5^RS1, IP^^"> (O 
N) (DMfflTlZ. \±—9 U^;i/L Btf)A;i/X?iJT& 0 , ^n^^bTCD 
U— tf^L B 5 £/±J# L^^SBIB, m%^-7 (OFF) ©JWIHTte, V 
^JUAiDllTtT^^o 06 (a) , (b) H&^T (05 & 

2co¥^L-^;u (=la) tttg^u^5i^i:is$tm^ 0 

xji^(c*f-r^/\< " i " ommoims (%) ) isi/iokt 

T, Itttl/ 1 0 0 0 OggilfSS^tlTt^fcfe, fOl/^jHA 
\Z\±-7 P^JHB i:^UT 1 / 1 O^TT, Itli l/ 1 0 0 0 0g 

f&lZ&m<Dyt7 7^ A— 1 3, &^«9*Bi— y M8-1-1 
8 - n F^KDt^^ 7 -f A* — iiffig (E! 2 ©ft 7 7 < A — *g*S§§2 2 , 2 5) 

fccfcuT, ^-y— zsiz&-DT*im&mmLTmwt (u-tiLBS) 
©ai*^iiiprsc:t^teih$n*. inc^it, bis (a) izzk-r 
&5iz. !%Kyttf-*7<Dnmizu—*fytLB2<D\tijj&oiz-Tz>t, m 

5 (b) C^tioC, ^3t€r^->(ZLfcifi[»<Z)«HraTSC43UT, 
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iM7r^ n~m^<D^-^^^xm9v% (iz-^^lb 5) 
$vnz> z\t\zt£z> 0 

U-if^L B 5 CDtti^m, A&fT3 l/--tf7£L B 4 U'KJKZ) 8 

fii^XDMfflV) V— tf3tL B 2(Ok , -^l/^Jl/LB{I*fLT« 
*7<DMffl<D tfftL B2©l/^JHAttl/l Oi^TT, 1 
/ 1 0 0 0 0 *§^TT& L A (£>^te#j <H^7fc (U — 
if^LB2) (C^^n&V^tfK mft-yttf*-7<DMWl~?:\ZU-*ryt 1 L 

mx^m^yt (u-if^LB 5) (Dm^^gn^iio £&3o 

^P^c^JTli-^Ji IT, T^fJ^ltiP 1 2 K£oTA 0 ;PAi|>I Ins, 
iOIl/Itt 1 0 0 kHz (A'JVXiUlO/is) ©A'^X^Cfi 

20 ^t>©if B it:Miif 1 2^e>tB^$n^A°;i/X7 l 6(Dti 0 -^ai^L 
mmizftmmmf- i 2^bffi^$n£ii^7tcDi/^;i/LAte2 ^w, gp 

^LB/1 0 0 0 0 i&5. CdTte, t^^I^^TI 2GDt?AfCck£ti 

25 3 d B -S^l o\ OmW, ¥£Jtn#tel£t 

W <h ft £ c 
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s lim^i o o kHz mm^x±izmmr^ itiao, Mts^ 

S3.- ^ hi 8-1-1 8 - nft<Dyt7T^^—i£$%miZ&^TAS E 
(Amplified Spontaneous Emission: SMtkltiyt) J <i X(D&W\Z& Z> 

1 2 8®(DilMA°;i/X ttS £ chic £oT, #/^^Sfct)©X^ 

& l/iooo-i/ioooo mmzfr-z <-?%> z t^-vz. 

15 l>„ 

11 (DFB^#l/-1f^£) ©l^aiiMiif 12t^fffl 
LTA;i/X^£fg£$1±££ch7^?S:L^ 0 # — ^S^Hl/- 

20 If 1 1 ©i^lilllCctoT, 09;L«1 0 — 2 0 n sSft<0^;WZ"S*^" 
-r£A;i/X7t£fgiI£i±£ (b^fC, ft^IBS^l 2 (3cfcoT^(7)A 0 ;VX 
^^tf) — g|$<7>^£^i3 tt5T, EPt)*^JT!iA^Xi|iI^ 1 n s <Dn)l 

ixm\zi,Th^(Dmytsttf3iftTf<z^m£iz\z, m-^.mmmu—^f 1 
25 i (Dmtjmm zmmrz z t^ms. 

Ell (a) tC&t^T, ^<73J; o !C LTff^A^XTfcffi;^, #Jf£<£>x 
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OA - K-^©^7 7<A-i9«Sl 3(C«SL, 3 5dB (3 1 

6 2{£) OftigtS^fT?. dOi^AJl/Xftte, h°-^ai^^63W, 
¥i^{±S^^6. 3mW£&&„ fc*5, d <DJt7 T -f A' — ii^^ 1 3 Oft 

ft^O-3041CDffi^J (:£#JT(im=4) (CM^J^f'JT^o d <0 
^tT>^0~ 3 <D&£ti7j£, §^!$©I?i§^77'fA- 15-1- 

15-4 \z&WtS~Z> liCiD, ^-ft? T-T A— ^SOtiJ^ftKiii, ft 

ft? 7< A-^OftOfSiS^jg^: 2 X 1 0 8 m/ sT^Stl/, ^ir* 
;K), 1. 2, 3C^nfnO. lm, 19. 3 m, 38. 5 m, 57. 

7 mCDS^ Oft 7 7< A— 15-1-15-4 ^if^-r^c :©1^> 

A— 15-1-15-4^, ftWt: rjiM 7 T-i A — J <i:P?^o 

^0 4*©II7 7<A- <7)tiJ2j£, 4fKDX7°U -y ^ 1 6 - 
1 ~ 1 6 - 4Tlfcni (*iT(in = 3 2) (DtB # fC^^J^fJ 

«/^T^**;K)~ 3 1) b, ^ft4 X32i (= 1 2 8J) O^ 
■r^fc^MWTS. fit, ft77 ,| Jy^l6-l-16-40ft* 

-f A-) 17-1-17-32 5:iiL/T, BSltSf t^^ffll: 3 n 

s ©il®^ :tii:ioT> ^t^^3 ioai*i:H 93 

ns©i^^4A6ns. -7j, I 1 ^614 ^T(Z)§77"'J 

1 6 - 1 — 1 6 - 4 (ffltCtt, -?-<D<D<£ o \ZMM7 T< A— iCiot, # 

X7°U 7^©A^Nf^T§* 9 6ns (Z)i§3SBf f B W-^*_ 6tlT^^c ^ 
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3ns (Dmmmm&m-D/^jixyttfmztiZo 
cotem* *mxizyt7 t-t a- • a> f;h 9^e>^m$nsu- 

urn^n* u-if^L b i o»fffijgtt*a:±Lfc*^icjt^Te« i / 
* Mr yt yt t l t ffl v > 7t ±1 (d £ c % x ^ «/ & ji <d m it m &> x & i > ?u * 

E^OSHSStfilStcJ: 0, Hit 1 2 8 ^ \ *JKDtB#3jgTte, 

mznrc/visxyttmv 100kHz uvmmm 1 o us) x&% B 

m-DX. U — *?yt¥£*k^3:fc£ l.XRZ>£. 12 8A'j^^3nsf B 11 
Tl^tfei, 9. 6 2 ^ s C0F^PS^B^T^(7)A o ;i/X^J^^^f 3 £ 
l^IDIl^ 1 0 0 k H z TfT^ns. 

fc*5*^Jg?gl8'TW:, ^fiJ^C^ 1 2 8 il, SfeIl77^A-iL 
T£l>fc<Z)£m>fc0»JK:o^T3Blil§Lfco CC0fea6#/\°;i/X?iJ(?D^^ 9 . 

^±=k t)*«OX7" U u/* 1 4 . 7fe77-fA-l 5-1-1 5-m, 
X7°U ^ 1 6-1 — 1 6 -rru %.Zfmffi.(D%: 7 7 -f A*— 1 7-1 — 1 

Lxmftm&M. (Time Di vis ion Mul t iplexing : T D 

Bt^fiJ#S^^$:2©(^X7 0 U 7^CJ;o«LTl^^ 3 
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25 

6-1-16 -mttfil^It^S^ JCtlSkto.lzmx.lt7 

-7,7° v yz*. ^^mmm.^m^^fzE-A77^j y ?mbmm-tz>z 

5 ^JTteT^IilSf^ 1 2 ('PTUnT^ F?-17mnJ£^)l<7(D7 

^ ^>7**m'M-tz>z£\z&~D-c, ytm uvixyt) oftm?* 

HJ-5»0iiL&ftf £MSEf ££ch7&<T#S. Mil, KOil^^ ^ > 

2 {CEPflnf £ K7< m EE /'Wl/X fclpIBfdH^LT^oaJTJ 
10 fS^iit5J;^:LT!)j:^. ftfifeSU— if 1 l 

^T^cDAVl/XTtCDai^^Sd^^ift-r^ck^^LTfe^^o mi (a) 
fC&^T, mffi.<DmM7 ()^7 7^ A- 1 7 - 1 ~ 1 7 - n) 

15 mLxygmztiz* *m<Dytm<m3-—y bi8-i~i8-n ^77 
m^3-—v hi8-2~i8-n t.isT'bmwz&.m-rzz.twvgz. 

|2tt, 3fc«J«:i— y h 1 8 d <7) H 2 fd & ^ T , t^B^l- 

20 y h i 8tts*wi:2a©^n-?nx;nf7A • y — t* - yt7 7 

*t4@§§ (Erbium-Doped Fiber Amplifier: EDFA) i0^5)l£77^ 

/i-i(ifiS8 2 23W2 5 ^mm\^xm^nx^^o fit, 

<£>$tS5rfiJ#Ji (Wavelength Division Multiplexing : WDM) ^t^P 
25 (J^T, rwDMlfj tf7) 2 1AS^2 1B^iS!$n, WDM 
^^2 1 ARTS 2 1 B(lJ:oT^n^nJi!j^e7 1 c^iLT<D¥3»#:l/-1f 
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2 3 A^bO«EL 1 tf 2 3 B j&* ft 

77"rA-ii«S2 2 K8&&J&»«D0Mi&<**lTlr><5. H3#fc, 2J£S<Dft 
^T-f A*-ig«SS2 5 <7)p]^H|5{3t>, *y^U >^fflCWDMIf2 1 
C&££2 1 Dtf*8MfcSft, WDMlf 2 1 CRZS2 1 D »C J: o 

n¥*fru— tf 2 3 crzS2 3 Dfre><Dmmyt&yt7T'( rt~-mm&2 
5\zm&fr*>m&2tiT\,*z. ip yt7 7'(rt—mmm2 2, 25^ 

a*— nigs§2 2 , 25 te^-n^nA&f-rs u— -tf^L b 3 

1 . 5 4 4 //m) <D&&&&tsmX-lZm 1 . 5 3-1. 
5 6 #mgfg©ftg«©;ft£fti|ji-r5. 3t7T-m— iS«S2 2, 

2 5 Cf^aJTi&SWDMif 2 1 B iWDMif 2 1 C £ © (SHC , ^ 
^^7^;U^2 4 A&tfM05fc£lfllI:"r5fc«>©7'-f V V — 2 I S 3^ 

7 A- -y?-^' y^-^w >y (Fiber Bragg Grating) tf&m 

*WC;fe^T. Ell (a) (Dfty A*— 1 7 - 1 j&> 5 05 l/-+fftL 
B 3 WDMIf 2 1 A^lT)t7 r< A*-ig*ggg2 2 KAfcfLT 
^tl$n^ 0 Z<D?t7 T-T A-i»««2 2Tiii|iI$nfcl/-1f7 , eLB 3 
te, WDMlf2 1 B, »Effif«7>r;i/^2 4 A, 7< V 1/-^ I S 3, 
S^WDMlf 2 1 C^irlT^77^ A-^iHg§2 5 £ At* L TfStf 
itH$ft5o *iifg£*l£:U-+r*3fcL B 3 WDMlf2 1 D$^IT 
HI1 (a) 0)t77'fn.-./t>FjH9*i)Jtil*03t77'f/t 
- Ofc7 7"T A-if«tS2 5<7)f*fcB$8<Z)MggBT i &«fclO $felt§ 0 

2a©3t7T< A-ii«»2 2 SIX 2 5 fc«fc 5 
*iH#«-#J£ LTf^)4 6dB ( 3 9 8 1 0{g) T**. fit, 01 
(b) WX7°'J 7^1 6-1-1 6 - m ;&» £ ttS # $ ft -5 ^ * * 
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(m • nffl) *1 2 8iilT, *)1<D $3 5 0 u W£ 

M8-1-18 - n*^ta*sn4 u— tf^o^^ffl^tt-en-^nw 

5 2W<hft£o in^/tJI/Xlilns, /^J^J^iS^l 0 0 kHzW 

mi (a) ©xyj7^14, 16-1-16 -mT<£>*£ 
tt^^ A — *g*Bf§2 2 , 2 5 <D'}>fZ< £ 1 0<Z)*g#Ifyf#£±tf 5 

15 i&fifgUl/ — it* 1 l (Dititi (S^&cDtBTj) &mi£Ltcm& 0 & 

^ # < L fc D > & £ ^ Ji/h $ < L ft D T 5 H £ #T # £ o 

0 2Ofi}^0»J^*5^T> IM7^J^24A(t HI 1 (a) <Djt~7 

T-r A--m«g i 3so-"isi2 07 1 d7T-rA^-it>jii^2 2t^'ti^4 

T-5ASE (Amplified Spontanious Emission) 
20 1 (a) 1 1 ^ t>tHti$n^ (&ft*Bte 

-fkf* : boT**. -n^cko, as E^mm<D^ty7^n-mm^ 

25 Z. £ A S E)t©tH@ttat nmlSTfeSWT, 
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Tfc*ffl±mjH**fc^s«K:As Eft** v hni^ms. 

0 1 (a) — ftfi^jgU— tf l 1 (Dffi^&S^fl^^^^ 
ft; ^©W^aEfilCJCUTSSffirigt^-r )V9 2 4 A£5£M-f £ 

ck-5tcLTt>«fc^^, ^©m^&ScDpJ^rl.i (m^SMTiS-^JiLT 

t^i/fc±2 opmii) t-*&i;fcSiaftfiiiB (om^iti^^^) 
s 3tj;oTRt)^©«f^«sn-5. ^iifizL-y h i s\zmx\* 

^«WDM*f2 1 D^SStmsns tf^LB 3CD-g&£# 
If^L B 3 CD^*^-^ £ ©ft*tf*£8B©ft*SiB.3. ~ «/ h 1 8T 
#U~if 2 3 A~2 3D) ©lij^^ilitn^l^ 

tw5gs&si. 0 9 9~i. i o 6 ummmvu— fytmz&m lit 

y^ti^A (Yb) • K-y • 7t-( A'-U-tf^teffi-?**. CCD 

£<aiT9 9 0 - 1 2 0 0 nmeS©ftfi«Tlfl|i4ff "P'T y^^bf^A 
(Yb) • h'-y.)t77<A'- (YD FA) ^ttfflmtfJ:^. Z. CO 

mi (b) ©jfts^sis52 o tz^^T, Tfg&^tB^-rsz: 
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tCioT, F-2 U — If <hH^W(I|pi — Oi&ft 1 5 7 — 1 5 8 nm(D$% 

55ttt, »f 1 1 T©»««S& 9 9 0 nratifiiL 

ni:J;oT, K r FI*'>7l/-ift^-©ilfi2 4 8 nm®M$ 

mm%a (iAttl 2 (D^t^In.- >y hi 8 ^(7)^^ 7"f A*— tgip§§§ 2 5) 

h<D (5~6Mm) .tDfelAV^ #J;Lfcf 2 0 ~ 3 0 u mO^^E- K17 

^25) {Z&^TM&jJ&n&fz&lZlZ, ^(D±"E— Fg7 7^A"l: 
ft*_T, 77-f/t- • F ^— S^iB ttt-zlt y 7)1 • ^ 7 y H • 

77<A-*ffl^5«fc5i:LTfeJ:^ u^7 7^A-t«, 370 

$ i z ?v Fizm&m^mfoi'—tf >y7°u>^t^o ^©^177 
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vit^O^y T< A — , mX\£Z B LAN77-f A-^ll^J;^ tCLT 
^TXjH: 9A • H-7°II$tf <t§^ ( !:^-Ct > ^tlia^i 

2 5) lzmm?2>Z.£Wm2iL<. 77-f A*— gOJSIgCfcrK A°;i/X 

3E£, 7*X7x^h*'77>, XTOlf777l^77 (Bi 2 O 

3 B 2 Oa ) ^^^§^77^^-^, 7^fA- 

T^T^T A-Tte, rS^S(3lR-±M7Cm («3jitfXJI,t'9A (Er) , 
X«x;Hf:7A (Er) t<7TJH:'7A (Yb) i:©^??) £ 3 T fc 

T< A*t5^*(Z)->'J 7J 77 ^X7t 7 y< A-co 1/10 0 m&£f£Z> 0 
£7c, ^'fbb'XTX^TJ^XT'c^T'f A-Tte, ^GDvl) tlfiyXt 
it^T, Xjl/t'7A (Er) (7) 1 0 Of^aSWJidT^Ci: 

^(Dtati&mtLT i . 5i-i. 5 9 umzmm-tzm ^tcfi, k- 

7°t§<t> < hLTXJl,k'-7A (Er) ClijnTL-f >;/ T-;i/t: ^ A (Yb) 
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1 5-9 7 5 nmtti5(r//;^oT&D, * ifcfiTg- * g& * fg 

— 1f£ft*#*J#fi (WDM) icfcOSg^ 

Sfc* Jt7 A*-*Sfi«<a K-7°- 77-f A-(DlS:attc:o^T«, 

io fi) Ttt, mm<D&&iz&rtz>yt7 y( rt-m$z®<DW&tfj<:g <tzz> 

(hlWIDffi^J^g (193~194nm) fe«>©^ l/-if gStl 

15 mmm7r^ rt--cfc%Lmftm&m<tmm <Dtz.#>. i. 

KSfSnTVi*. #J;U;»jg^MchbTx;Ut:^A¥- F-y 

20 fflt/^n^o £ (DfcVbZ. (Dm(D 7 7"f A — Tte, 1. 5 4 8 ^mT^f 

h$-fr<53&**#0. ftoT, 1. 5 4 7 /imjfi§T?iJHS:^#<fS 
25 i-f7f^h'7A<!:^±t|;H-7° (=3 • K — 7°) L tz n 7 £J#oftigi|6 
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&m^2>m&\z%* n7i:'>i©u y^mx* z\ £\z&K> , 1. 547 

1213 (a) tt, 2&iim&3B££*i9jILT8«ft£#<5;i<£:J&*-C# 
%%i&^m%K2 0 ^©03 (a) fC&UT, ^77<A--/t 

> H;H 9 (Dttitlm 1 9 a (j£^LTi^$nt^5) S tti # £ *l 
fiSl. 5 4 4/xm to <hT£) 5)S*fttlT©l/-f^L 

B4lt lgl©#»M^eft5 0 2l:A»U ^^T<75 2^ifi5P»[ 
^^(CckD*^^02^(DJ1^^2 a) (SSttl/20 7 7 2 nra) <£> 
2f$^f4t§o C<7)2{g}&te, l/>X5 0 5 $lT2gg©#if 
5 0 3 (CAftL, :utfeS^2^i^4i;j;D, A I* ft 
«2f&, IP*.**^^^fU4^C0il^^4 co (tftHl/4©3 8 6 n 
m) &&-D4mmm*k-?Z>o 14tfc4MttIl:i/>X5 0 6^ 
It 3^@c7)#||^^^|* B ^ 5 0 4 KjI^, d lfSy'2^^ii^4 

8 (z&fite 1/8<D1 9 3nm) Z\(D 8 mmt$%ft<D 

-1f5fcLB 5 (hLTWWSn*. BP'S, CC01#^^JT«, 
SI. 5 4 4 /im) -»2 7 7 2 nm) --4f&& (j£fi 386 

nm) - 8 {g^ (Sfil 9 3nm) ©JBfcftg£S|7&tfTfc>ft<5. 

2^zS-v(D^^^ff 3#II^7t^lS^5 0 2 (I«L i B 3 Os (LBO) 
2^^^b4{§^-v(7)^M^fTe>#^^7 l e^^ B B H 5 0 3 KfctL 

iBaOs (LBO) 4 ffif&^ 6 8 \%%L^(D&Wk$:ft O IMftffi? 

yt¥&& 5 0 4i;llSr 2 Be 2 B 2 O7 (SBBO) l^alr T 3 0 

Z\Z~C\ L B OfefiSttffl LfeS*fe^e> 2 ft 
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n-Critical Phase Matching: N C P M) £^J3T£o NCPMtt, 

BJt¥&M 1 faT<DM*m£Wi-mmfc£<nffl(Dftm^nT&% rwaik-o 

ffj ^g^/j:^/:^, Mmm~C- 2 \%i&^<D$LWk^mz L , l£fzm*k 
^|g B B 0 5 0 2 chcD^fC, U~lf7tLB4(DA#^¥£itia6£fc&(im^ 

0 0 Atm;g^T&£fc:se>, §7t77<A-St: 1 0 \%Hm<D\%m(DW'b 

xiz, m3 (b) «2 &mm&m££ftmfom£t&ffi.&&t>i£T 8 

fg&£t#3;i£7^Ti*3&S^^2 0 A£^U 310003 (b) fC33 
^T, ft 7 7 < A*- • A*> h*;H 9 C0tH7j5fl5 1 9 a^6tttB£n7c&:B: 
1. 5 4 4 um(D U — ifftL B 4 L B Ol£ HJ; D & 0 ± 

ibcd n cPMtrnstitt^ i &g(D#mmyt¥ic£gk 507 tcxwb, 
dr.TcD2^^p^^^tzj;«9 2mmm^-r^>o miz. irmrjt^ 

^5 0 7 ^^rS^^CO — §W^CD££ili®-f £0 - CDg^&U- 2 

^{CLfi^^^^^T&fiS (#J*.&;£ 1/2 5 0 8 ^111 

T, S*^CD^^il^7jf^^9 OSIsI^L7t^^-e^i±5$n^o 

2 femtte^n^fL]/ > X 5 0 9 T 2 J£ @ CDl^^^:^^ 

b h b 5 i o \z\m-tz>o 
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Iil©*«i3tf8^ 5 0 7 (LBO&H) tliSf^-SNCP 
MT^ffl$n^.o #^7^^115 1 0 TffSnfc 3f&S<t:, 
$n-rCMi^L/z2 fflffti:tt» ^^7Q<7^ • ^ 7 — 5 1 1 l£ «£ 9 # 

-MlTSW$tlU>X'5 1 3^IoT3gg©|3-BaB2 (B 
BO) teS£9fcS#|MBJ&3fc¥ISS5 1 ££T3«&J&* 

*SS5 1 4Tf#6n/z6{g& : fol/>X5 1 5 ^^T^-T^D-T^^ • ^ 

4 g g 0 B B 0 15 h s b i D )t f ^ B B B 5 1 7KA#fr*. 

3t^5 1 7TI1, 6{g&£ 2ffiF&i*^fiIffljft5B^t«k»3 8 

(8fil9 3nm) C08ffitt^OU-f3tLB5<!:LT 
t*m$n-5. 4gSO#|IMm B B 5 17^lT, BBO^I 

©f^t>0 CCsLiB. O.o (CLBO) !§H£ffl ^ -5 Z £ «b nTft£T£> 
3o I©fefiMSI!2 0 A"C«, ($S 1 . 5 4 4 um) ^ 2 

(tS7 7 2 nm) — 3 (tS5 1 5 nm) — 6 ($cfi2 5 

7nm) ^8{g& (tI193nm) 0DJ1 tC Z^S^^^ff fcnt ^-5 . 

^feS5 1 7CAItt5i^-i:ii, 6Mi2M<h^fWti4 
S@(7)#^jf^7 , c^^ H H B 5 1 7 ldlfc7fcLTA#*£-fci-3 1/>X5 15,51 
2 ^S(/W3M^-57 i e5i§(3iHM-r^ Z\ Z\CDm£. 3ggO# 

*8^tt3**SiSI5 1 4"Cf£±Lrz6mm**:<DmmteVtW rwalk-offj m 
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£b(^o f:t^J©i^:. 1/>X5 is, si 2&m*<Dytn>\zm 

W-?Z> Z\ £\Z J: 0 , 0iJA^I/>X5 1 5iLTy'J>H *) t) )IU >XM 

-e#^o z\ (Dittos 4^@(D^^^7 , e^is B B a (bbo^h) 5 17t<d 

2 ^ao^^^iis 1 o t4mm<Dimj&ytm£M i 5 1 
7 chcD^cTD^^^m 3 (b) tcp:g^ti^ : fo(DT«^<, 4ms<D$mm 

gR^^^gcO^I^^Tt^^HlS 1 4, 5 1 7^ietU, 3f£g<D#|£ 
Bft^ghS 1 4T3fg&<2^£2^II«fi!£{;:£D 6te&H^&L 
15 T, ^*^m$n^V>2^^<h^^4^g(Z)^^^^^^ 0 B H5 1 7 iCA 
#t$i±T^J;<, uW:J;0^^D^y^ • $7-5 1 1, 5 16?: 

mS (a) 2>W (b) lZ^Lfz%L&^m^2 0, 2 0Al:OVi 
T^n^tl^-^^^^^/iOOSfg^ (tS19 3nm) <D¥-t%ttit}& 

^•VT^KDffl^jiffiT, tf — ^7 • A°7— 2 0 k W, /U^filns, A°;i/ 
Xi§«9;IUJ^££&: 100kHz, RU^^lfcti^ 2 WT&^o COlSIH:, 
#f tT^^/iO© 8 ?7te> Hi3 (a) (D&fi^BK 2 0 

Tli2 2 9mW, HI 3 (b) (D&fi^HR 2 0 A~C\Z 3 8 . 3mWT$> 
25 itzo fi£oT, il 2 8f t^;i/^^^tfcA'>Fj^^O^!li^tt, 

2 0 Tte 2 9 W, iSIM20ATH4. 9W£&D, fa 
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tL<D$i&^mWl2 0 , 2 0 AT^oTfciMIfflMt LT + #&£ii 

(Dm — i&&5€ffi.U — if 1 1 tC&^T^^E-r-SS^&cD&S^ 1 . 5 7m 
miibT, iSfi^m^2 OilTl 0 {£&<Z)fg££fT "5 &fi^2B£M 

HI 4 (a) te. 2&mmfcm£tfam%i5££.t$:%3.%h€>lD J &T 1 Ofe 
^^i^^i^T^§^fifM2 0B^^L, CCDI2I4 (a) K&l^ 

t\ yt?7-c a- • a*> k;h 9 (Diu^^ i 9 a^^mm^nrz^m 1 . 

5 7 um<DU— *f%:LB 4(Dm*mt. LBO^ B i^^ 
^7£#I£!I6 0 2 CAltL, 2 D 2 fg&K^&Sn 
3o ^C02{g^« > lx>X6 0 3 ^LTLBOJ;^^^2©#Ii 
7fc#*SH 6 0 4CAIHT, 2#«l!«^£fl c k£4{g&{;:^gl£n, 
-^«2{g&©^^TMil"r^o 

Z • ^ ^— 6 0 5 iZfafrlK ? v V • ^^— 6 0 5 TKIf^n 
4{gj£te, ^ ^ — M 1 TS#t£np>X6 0 8 $IoT3g@0S r 
2 B e 2 B 2 O - (SB BO) fa £k £ V £k 6 0 9 l:A 

^ /7 • ^ ^— 6 0 5 Zmmisfz 2 {%mtU>X6 0 6 RZSS. 7-M2 £ 

# 6 nfc 8 1/ > X 6 1 0 £ 7&ST ^0^7^-^7-6 0 71: 

A#tU ::t'f0 2 8 ^^i^Plft^-^^^tlT 4 (D S B 

BOI^UDft^TO^ie 1 1 ICAUU :iT8Mt2fg 
^<h^e>(^fPjl&^^{3 ck 0 1 0fg& (SSI 5 7 nm) 7^#<=>n3 0 
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Z<D 1 Oi%mzmft(DU-WtL B 5 t l/TiaiSn5, ED^, SS^ 
mgB2 0BT«, (SSI. 5 7 wm) — 2 <£S (IS7 8 5 n 

m) ->4f&& (i£ 392. 5 nm) ^ 8 f£S (SI 1 9 6. 2 5 nm) 
-+1 OfSI (SSI 5 7 nm) <DmiZ&L&&&it*fTt>tl2>. 

sfc. f 2 i/-- tf (Sfii57nm) t &&m-&&<z>98ftyt&&z> 

tL*b\Z\-X. mi (a) ©I-MIlk-f 1 1 £:fc^T3e£-r*3£* 
0 9 9 /imilT, &S^&g&2 0 <hLT7{gS(Dfg£ 

04 (b) tt, 2 &Mffli&5£4££%imfe¥££. t%ffl.fr ntD-&T 7 f&S 
$#5ut^tt-5SfifM2 0C^l, ^CO04 '(b) K:feHT, 
3t7 7"f A— * A> 1 9 0>fcH:*j3* 1 9 a^^Wm^nfcSS 1 . 0 
9 9 um<DU — if^L B 4 (S*S) teu LBOHgf B «kD&5 
ftl&myt^gk 7 0 2 CAWL, C uT©2M»fl4l:J; 0 2M 

#fcift»«ft>RIBT&:R« <0H*.fc£l/2&StR) 7 0 3 £}Ij&bT> 
S*«<0*G>flS3fc#l*l#9 O^tU^-r^o **S^2Mtil/>X7 
0 4 5 jMTL B Ol5 B B B J; D 2 0»f ^IS B B B 7 0 5K:AltU 

z\z\-v<Dmm$i&3iiz£z> 3femm£.-?ztmz. 2fgt©-^ 

-^•i7-7 0 6T#K3n, ::$Illfc3Mttl/>X7 0 7 

^-r^n-r^-^— 7 06 TS^snfc 2 teste, a 7— m 1 j&zs 

U>X7 0 9 ^ioTS B BO^IIcfc9fc5^3a>#>Bl7&7'£3 £ f£il7 1 

0KAI*L, 2^i^l^S^^(3ck o 4Mi:fl$ti§« :®4MH 
1/>X7 1 1 $1T^^D< 7^-^ 7-7 0 8CAStl, ^-f^n 
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0^ b b b J;D^5I4(?)#^^^h h b7 1 2£A*tU Zl £ T (D fn if & 
^^(CckD 7{g& (i&fil 5 7 nm) (C^^$n-5 e d<7)7{g&«;^ 
<D U-+fytL B 5 <h LTltffi£n&„ IPl5>, £ <£> It #1 T , S^jg 
1 . 0 9 9 #m) — 2fg& 5 4 9 . 5 nm) -*3|gS (i 

S 3 6 6. 3 nm) -*4M (Sfi2 7 4. 8 nm) -^7{St (i^Sl 
5 7nm) <7) Hi fc&ft^^ „ 

&s^g&2 o~2 o cj^n{ct>#^^^^^^^a^ 

±M2(DnM<Dmm-V\Z, mi (a) <£ D ^^^J; -5 fCmllCD n 
>y M 8-1-1 8 - n ©m^CD^^^^r — o©ig| 

' ffl Cm' «2J^±<£>S^) CO^S^^^^ffl^b, mffl^Ttiirtila.- 
7M8-l-18-n ^ffl^/^ n ' ifom' j@<£) y^ttT 
(n • m= n ' -m' ) , &>f)V—'?m\z 1 o <Z) jfcS^SBT&fi^ 
^rtfV^ #e,n^:m' f@ (:£#JT te#J 7L fcfm ' =4Xii5f) cd^t£ 
^^^t^ct^CltfeJ;^. i^S^^g|5 2 0 «±IB^^}l|5g^ 

«CBog H B B (csb 3 Os ) , izg « 5 ®mj £ a (l i 2 b 4 o 7 ) , 

KAB (K 2 Ah B, Or ) , XttGdYCOB (Gd s Y , - s C a 
4 O (B O3) 3) ^IUTt) 

±te^^M<7)^^(D^^7 l c^^gB(3 c kn«\ Ell (a) ©)t77< 
A'- • ;\*> 1 9 (^ffl^vflgcDia^^^:^^ T^U^^^-ttTfe 2 mm§ 
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sat* ±tz<Dmffi<Dmm~T:te. mi u> ©fflif nii^^t, 

2 2, 2 5 l:*HT^-y®584^l»JtSnT, >telstc 

z> 0 (a) (DmM^nmjzMLxm-^&mmu-^f i i 

1 l*^ffi*$nfcStl. 5 4 4 /xm (Zin£Ai ©U— tf 

TtLBlli, ft 7 r^n— 5 3 A£^LTi£fi#i!l^fi (Wavelength D 
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ivision Multiplexing) (WDMif) 5 2 ffili^i: 

l/-f^LBR(i, 7^ n- 5 3 B^^LTWDMif 5 2 CAH 
U WDM|f5 2T^7^-7°'J > ^ $ tltz 1/ — tf T^te^ T < A *_ 5 3 

2^7t^T-f/t-iiiji§§l 3 f3A£f LT^5, 

f ©igl^ig^ 5 « l/-if5fcL B R ©«g A 2 tt» r-f A* — it 41 

§113, &tf«©©3fcig«:i- y h 1 8 - 1-1 8-nt©3t7 7-fA' 

zmttTzm^zmm-rzh. ytyr-c rt—mmmi 3, 22, 25-e 

if«Rrflg£:i£*«tt#?j 1 . 53-1. 5 6 MmgfT^-SfcJ6, tf 

^LT, ^TttglOftffl^SiiLT, 08 (a) , (b) \Z^T 
^T^ffi^L ft 1/^:7 (OFF) ©)BMl:lJl/-f3tL B 1 

(ON) <DmfEUZ\$U-1?ytLB 1 ^^^^^$i±Tl/—tf^LBR$ 
TBfiTfS. IP'S, #3fe<BU— tfftLB 1 £*SSjffl<Z)U— tfftLBR<i:£ 

S&^nsffiKff-^di LT(7)Epjn«JBEV 1 2 H 8 (c) i:^t<k^i: 
3 13, t>oir B ii:(iiiti o o kHz isoe-^ u^jil bth 
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1 n s mm<D/i)lxm (ifcgAi ) tfcO. t7^if B 1i:ttl/^)HA 
(Dmm^t (MA: ) <h&3 0 Z(Dm£(DU SOIL Alt, ffl7Ll£Bkfe& 

£7c> ^JTteffl 2 CD^fflT^r* £: IT, H9 (a) , (b) \Z7jkT£ 

io 7t$-&^ tpnz, F7-rA3^bMi*fi 2 {ctt^$n^.Epjramffi 

VI 2 (IglHf^) 1219 (c) ^^i-=t-5llSB#A°;i/X^^^^-r 
3o mtaot, ^^l^^^l 2^6m77^n^l/— tf7¥:LB2(i, 
EJ9 (d) *><DMmiZ\Zm8 (d) cD^^iR^(D/\° 

;1/7>^IJ (l^ftAi ) •*7<Dfflffl\Zbmm<D/^)lXP\ (&fiA 2 ) 

15 tf£2> 0 Itll^otfe, 7t7T-r/t-tiiltI^2 5fW- 

te^t^iz, 7$-7<DMf3iz^FWfcu— wttf&jjznz z t &m^o 

EI 7 OHJ£<7)^«lTli, t^IES^ 1 2 (DAJj^lZWDMm^- 

5 2 £iemlt^£^\ ia 1 1 iz^-r^ -5 ii, ytmmm^ 1 2 OtU^J^ 
cwDMif 5 2^iiiT, yt^mm^- 1 2 ^b(c$ftA , cd u — -t^ 

25 KLBUhmyimn^mW^-^f 5 l7^b<2&fiA 2 GDI/--tmLBR 
i^WDM^f 5 2 T# >y 7*'J >^UT. Ilbtlfc U-lf^L B 2 Stt^ 
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fe^Tfc. ¥-z£S5§Hl/ — if 1 1 »f#L BU l/-1f^L 

B Ri^MffitM^tl) liCiot, 7^7 t-T A— IjHBSgKcfett 



^Jfeil (a) ©^Jfi<7)^i6»C*#LTm-&fi»iiU— If 1 1^£t£ 

El 1 0 te^JCOMHG^L. £ 0) El 1 OK 43 V> T , ip — z£Sf£iSI/- 
10 if 1 1 1 . 5 4 4 mGD 1/ — if 7*6 L B 1 dtl^E 

m^nfcu-ifT^L b i £fcm£T57jfafcitiiiM7£L£:&g i . 54 

4 Mm6Dl/-if7 , eLBP«^^^^m^5 5tCAMU {fi&^J&lt^ 5 
15 5t*'^U >;7*£nfc U-lf^T^SIIaii^l 2 HAttf*. fit, 

Tj^n^lz-if^L B 2 3&«3t7 7-rA-«i|B»l 3 CAItlTl^o 
20 (a) (Dftyy^n- • A*>F;H 9?&>SJ*ffl$n<5U~ifftLB4tt, 

B 1 a>M3fc7J|p]«i&g&lfcgB2 0 K£^Tg*<D^&^j&t#6n<3 7j 
25 ifijCt^^nx^O, M^7^^^b(Z)l/-if7 , eL B RCO^T^/jfSlti, & 
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b 1 1 u-*f?ti. b p tizmftytzftti-r&Mffl {*><Dnm) tmti 
z>„ m8Rzsm9 (DmfflJj$:cDttft%:&m^z>friz> raif 12© 
i^^^bt/^ ^nicct^r, t"6^ t< n-m&%k 1 3 , 22, 25t 

31^5 5 £E«LT^*J&*, m 1 2 cfc^ tE^IE^ 1 2 (DttJ 

U — vfJt'L BMiiSflffl©^!/- tf 5 ^^{S^ft/m^-T^ 
U---1fftL B P i^^&^^m^ 5 5 T# 7^'J>^tT, fUbtlfc 1/ 
— tfftL B 2 7"f A-*gi|iI§§ 1 3 S:ft^t^J;^taT!)J:^o 

Ell 2 cDMj&WC&^Tfe, 1 1 ^6(Dl/-1f7 , eL 

B 1 chU-lf7 , eLBPi^jM{il@T^^$-t±^C<h(C=koT, T^yf 

n-mm^\z&rt z>ytv-- (D^^wn it, ^ftsi^cDfg^ 

Ell (a) (7)^n7 l c^^^g^ffi^fcS7 1 d^MC0-^J{CO#|^ 
BJi"^o Ell 3 11, ^KDgTfcgfi^L, -©II 3fC&(^T, s^e 
JtM 1 7 1 <hLTIi, HIl (a) (D^^T'c^^^S^CO^-^fi^Jgl/ 
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LB5©SI*U93nm, 1 5 7 n rru XlX^ft£Xft<Dmft®.\ZT% 
Ell 3©»#3fcSl 7 l^SWffiSnfcU— if^ <£*ft) <D±SB# 

77^/t-178^LT770>h,f fcft«sn5. 

n-i 7 3x^1 7 8ijffifn0i (a) <Djf7 T ^n- • 

17 211 St^tM 1 7 1 J&> "5 LfU 
-^3tLB5«k»3^*«n«©»3t^*m*TS«ft^|ftffl5 (0 1 (a) 

6 3*MLfc«3t3ttt»«5tMl 6 5£^LT, ^St^S^ 
£LT©*xa (wafer) 1 6 6 ICl^ffttOAO /^-->0«/j\** 
«*M« W («*.tfl/4. 1/5, l/6#) tgft^ fif^X 
165ilTI1 Sit*. XttS»JB«f3R*««ffl-c**. fiU 
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Xh^'if Stlt^O, tfiJAtf^ffc (yU3>H) 

XUSOI (silicon on insulator) %?<D F31£#;<7)S1£T& 

^X/\ 1 6 6 It ^x/\7r-y 16 7 ±!::{&f#$n> ^x/\ 16 6 
(7) 3 ;&7cWft:&«fcWB»8B 169 t: ioTIl^ti^^iA^f-y l 
6 7 fc«koT»J££n<5. l/f^Mf-yl6 4«Iliil 

musiBB i 6 9 Rzsmmmn 1 e s <dwjHf\z±mw% i 7 7 k^otm 

$ntl^. fit, g3fcB#K:«* ^I/U7-yl6 7(D77^^ 
itliot^IA 16 6 £?t ofc ft > ^BJ^^^^fLTU^ 

^Jl^T— 16 4 §^LTl/f^^ 16 3 £/9rJ£;& [filH^S L , C7X 
Al 6 6 £^7XA7^ — 5/ 16 7 ^ ^btlS$MRw^MH:i ITif 
t5tl^7fy^-7>H' X=^>7j5£T\ ^7X/M 6 6±(D§y 
3 v hMWz V s ?- 9 )V \ 6 3 <Dn& — >©«^?Stl5. Id 

2^^J©g^^iSl 7 lS.t5feSiliR^l 7 2 (j/tMM) \Z 
'kM-C&zrctb* mw& 1 6 2 £3£J$T£&#£-€-£>ftilfi^0>4>ft< i: 

7 UiMtCISLTfel^. fit, *3t3tiEl 

&±<Z> £5 (;:, ^#ij(7j^^^^^^M^ffl^feS7 1 c^M«^^cDflil(D 
755£ (i + ->7l/-f^7K U — If £ffli,*7tgftgB) fc<6^T/h 

56, mm&ffiJ&TZ>&3-—v h©Ba«<OSa«75*j«^fiJ^* s »*. 
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tu5tr. mmcDM^mytmiz&tfzmytmmfflT'iz, mi (a) <d 

=¥- (yty t A*<— 1 5-1 — 1 5 -m, 1 7-1 — 1 7-n) Ci^T 

fflr^^arftftflS i 7 i ^6M^cco/\ 0 ;i^X7 , c^#fi#raP^PS-e%ig$-&^ 

tlP^PB (J^?£gfc) , &U^X/\1 6 6 <Dfe^&\\zm-t 7. % (IP 
M^^lAXj-y'l 6 7<2j|i§5^{C«&3i^£;h.3 t ±;?t^ 

mtz, *mco )vx^-— i 6 4\zmmmm i 68iuotx^ 

^XAXr-yl 6 yiCUHpT-^lFM^lltbnt^D, Zl (D 
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^-r^>h^i 8 i i^ttent^s. 

1 7 1 7^6 CD U— +fft (X#$E) CD — gKSr^l&LT 
T^^T^A*— 1 78^iMT77^^>h^l 8 OfflCD&fi^gBl 7 

9 cmlti^o mmmmffi 1 7 9 tLta, 01 (a) co&s^m 

«T^<^> 1 8 0 £^#^3^IC-#:Kt§:ttT43#. 

8B 1 7 9 fr£l*ffl£n5«7fcft£ 1*1 Iz-if^L B 5$77 / f / 

6 3±C0T^<^>h^-^, 1 6 5£iiLTS2£v- 

JBfcSfi^ (CCD) TS^ LT^-Ofigf ^lilt 5 fero-e* 0 . U 
^^;H 6 3C0T^-r^>h-^7^-r^>h^l 8 1 CO^ — X^-f >ft 

^-7 • 7 2 z/Xjj&or?^ ;* > 1 8 1 te, 011 ^.Ji 550 — 75 
OnmiKDiSStl^lfoaM C/d- K A*> Sr^XA 1 6 6 

T-^coft<hT^<^> h^-zoimtzWimm^ cccd) _t 

CCO^^-. 77<^>hll 80, 18 1T'fnftll?7-^iF 
M±C0«2pV— £ ^rl&ttif £ d £T\ <& tfc fcH IS * 6 T 7 -f * > 
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xa i 6 6w-> 3 v bmm.<DTz>^ btfmmmizftfrfiz> 0 & 
^-7,?^ >^wnzvji;\(Dmxm]£mizftiDtiz>j)K ^xa^ 

±fB©^|£<£>^£>l2l 1 3 (DSt^^BT^U^^;!/ 1 6 3 ±(D 

■?-^$.^ntti/^^ji/XT-y 16 4 izmn ztLzmm-?— 2 %m?t 
yttm-&&<Dmwyt-emwL, sm^^ 1 6 5 tc^otM^n^ 

7-^7t?:-7XA7,f-y 1 6 7 ^I2tt£>n<5HP (X U y h & £) $ 

<DQmmm-m\mm<Dmwyt&m^zyt^£ it, tu^cD^ (ni, 

17 9) £l^-«J&<£>^£Sij;£ffl;t LT&ck^U i)fe7feS 1 7 1 ~ 
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•7 u—*f&ytmt\sT\,*tt'b<D* Mx&nm<Dmm j &wdh$:ffiiEi,T}5i 

"7 7> ^7 £ If £ £ $ -fr x T X ^ (D n*? — > £ mytT Z> 7° U ^ > ^ 7^ 

wans* 4#fF if ikoimw. mm. Rztmzz^ts 1999^9^100 
ttwm m<DB^mm^w,mm 1 1 - 2 5 8 1 3 2^(D±x<Dm^mit. 

&x^z> 0 

^iz^mmm^yt(Dititiizmm^^mm^^^u^mmxm$^^t^M^ 
izmm^mtefcmmnft&msLx^zfc.®, mmwizu— *?yt (mtv 
yt) <Dthjj&m]£T%m<vtfcv-i;<DBWfimmt£tix. -gizmmt-? 

ffl&mizmz.. ytmmffi&^rnmmzftmztifz u--*fyt<D^n^niz 
tzu--*fyt(Dj&$:i$itzbxmm^mTz>z\t\zj:-DX. ih7iyt<D^mm 
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it * © i i 

io ft^^igKi, 

MfB^irate, Mi3*^3t*ffi*-r*»IM(f : «ttWI5U--tf3tfg^a5 
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5. mmomm i izmm.vmytmwv&'DT, 

10 (Dmu^m^yt^m^-r^m^ytm^m^. 

frz<Du-^ftz^)ix^MVTmmftmmmzm%i'. mzmwt& 
^ttvt^mm^\zumum^^mm^mmmzm^^z\£^^ 

15 6. m^<D^m 5 \zum<Dmyt^mx^>'DX. 

fflxmftKizmmTzzfc&mmfttz&z>L&\z. 

7. it^(Z)^a 5 iziEm<Dm^tmm-v$>'DX. 
uxmft^zm&x^&m&mmKiz&z tmz. 

t ij # s g& « <h * m k #r a - £ & & m. t ? z> m % m m . 
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9. if^(7)^H8 izmm<DmytmwT°&^T. 
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m ibt^ irate, M^ffimft£mmu—-v ! ytm£.ffifr <bo u-*?ytt 

m m m m t £ w iz ft % z. t & # m t -r * s ^ ^ s « 

10. H*Oil8 {CfBao^^^STaboT, 

11. U— tf^B^bcD^^^Tmi^l^^BBH^L, IIlt#©A^ 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SBDES 
G^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ._ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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